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(54) OPTICAL TRANSMITTING FIBER 

(57)Abstract: 

PURPOSE: To easily prepare a resin composite having 

such viscosity that satisfies requirements of coating ^ 
facilities and coating thickness for core wires, and >k 
moreover, to enable production of an optical R f _ , a.c;c = OU 

transmission fiber having a larger aperture and a large J| 
diameter by adjusting the polymn. degree and/or ami of 
a fluorine-contg. polymer so as to control the viscosity 
of the resin composite to a desired value. 
CONSTITUTION: The resin composite for the sheath 
consists of a fluorine-contg. copolymer of fluorine- 
contg. (meth)acrylate expressed by formula I and mono 

(meth)acrylate having one or more substituents of >3 ^ 

carbon number for ester part. Or, the resin composite |j| 

for the sheath consists of a fluorine-contg. (meth) r ? - , C 01U) h -Dcr:=Cll * 

acrylate expressed by formula II, mono(meth)acrylate | 

having on or more substituents having >3 carbon number 

for ester part, and polyfunctional monomers having two 

(meth)acryloyl groups and contains >30wt% fluorine 

atoms. In formula, Rf is a fluorinated aliphatic group 

having 1~20 carbon number, (n) is an integer 0-6, R is H, CH3, or F. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A following general formula [Formula 1] 

0 
I 

R f - (CIU) n-OCC = CH 2 

I 

]< 

Fluorine-containing copolymer (I), the following general formula characterized by comprising 
the following which comprise mono- (meta) acrylate (B). 

(Rf is a fluorination aliphatic group of the carbon numbers 1-20 among a formula, n is an 
integer of 0, or 1-6, and R is H, CH 3 , or F.) -- fluorine-containing (meta-) acrylate (A) expressed 

One kind or two kinds or more of with a carbon numbers of three or more ester part 

substituents. 

[Formula 2] 

0 
I 

R f - (CH 2 ) n-Of;C = C(l 2 



(Rf, n, and R are the same as the above among a formula.) -- fluorine-containing (meta-) 
acrylate (II) expressed. Mono- (meta) acrylate (III) which has one kind or two kinds or more of 
with a carbon numbers of three or more ester part substituents, And the optical transmission 
fiber in which the fluorine atom content which comprises in a molecule polyfunctional monomer 
(IV) which two acrylyl groups (meta) contain becomes considering 30% of the weight or more 
of a resin composition as a sheath component. 
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[Claim 2]The optical transmission fiber according to claim 1 using a resin composition 
containing isobornyl (meta) acrylate as mono- (meta) acrylate (B) which has one kind or two 
kinds or more of with a carbon numbers of three or more ester part substituents, and/or (III). 
[Claim 3]The optical transmission fiber according to claim 1 or 2 using a resin composition 
containing JISHIKURO pentenyl (meta) acrylate as mono- (meta) acrylate (B) which has one 
kind or two kinds or more of with a carbon numbers of three or more ester part substituents, 
and/or (III). 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which an invention belongs] By the activity energy-line exposure of an 
electron beam, ultraviolet rays, etc., this invention is a low refractive index and relates to the 
optical transmission fiber which uses as a sheath component the active energy line hardening 
type resin composition which gives tough and transparent hardening resin. 
[0002] 

[Description of the Prior Art]Although a fluorine polymer is used as a highly efficient nature raw 
material in various fields from generally having advanced chemical resistance, weatherability, 
water and oil repellency, surface slippage, etc., the optical characteristic, i.e., low-refractive- 
index nature, attracts attention in recent years, and the use as the matrix and low reflection 
nature tunic of an optical transmission fiber has activated it. 

[0003]Although an optical transmission fiber is divided roughly into an inorganic glass system 
and a synthetic resin system, all consist of the core part with a high refractive index which was 
rich in transparency, and the sheath portion with a comparatively small refractive index. 
Conventionally, covering of a silicone series compound with a low refractive index or a fluorine 
polymer has been proposed and carried out as a formation method of a sheath portion. For 
example, poly (methyl methacrylate) or poly (styrene) etc. which is the method and two core 
materials which apply a silicone series resin composition to the quartz system core wire by 
which 1 drawing was carried out, and form the sheath portion of silicone resin according to 
heat curing, . Were obtained by polymerization methods, such as solution polymerization, 
mass polymerization, or an emulsion polymerization. The polymer of fluorinated alkyl group 
content (meta) acrylate, the copolymer of fluorinated alkyl group content (meta) acrylate and 
other comonomers, Or poly (tetrafluoroethylene), poly (vinylidene fluoride/tetrafluoroethylene), 
Compound spinning of the fluorine polymers, such as poly (vinylidene fluoride / 
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hexafluoropropylene), is carried out, the method (JP,43-8978,B.) of forming the sheath portion 
which consists of fluorine polymers JP,56-8321,B, JP,56-8322,B, JP,56-8323,B, JP,59- 
84203,A, JP,59-84204,A, JP,59-981 16,A, Spreading covering of the melt or the solutions of a 
fluorine polymer, such as poly (vinylidene fluoride/tetrafluoroethylene), is carried out at the 
quartz system or plastic system core wire by which size enlargement was carried out to JP,59- 
147011, A, JP,59-204002,A, and 3 fibrous, There is a proposal of the method (JP,53-21660,B, 
JP, 56-41 966, B) of forming a sheath portion, etc. 

[0004]However, the silicone resin described in one among these proposals is inferior to the 
mechanical strength of what is excellent in heat resistance, and oil resistance, if immersed 
especially in mineral oil etc., it will swell, and there is a fault of producing change of a refractive 
index and the exfoliation from a core wire. For this reason, the optical transmission fiber which 
makes silicone resin a matrix was limited in use, and a transformer, its thyristor, etc. were 
unsuitable to use in an oil. 

[0005]The silicone resin composition before hardening had short pot life, and since viscosity 
increased temporally, in order to apply by fixed thickness to a core wire, there was a fault on 
the work that coating speed and the temperature of atmosphere must be controlled. 
[0006]By silicone series resin, there is a fault that a refractive index is insufficiency of a 
performance top as a matrix of the large caliber optical transmission fiber in which about 1.40 
are a limit and they are demanded with communicative large-scale-izing further again. 
[0007]On the other hand, since the refractive index is as low as about 1.36, the fluorine 
polymer indicated to 2 and 3 is suitable from silicone series resin as a matrix of a large caliber 
optical transmission fiber. 

[0008]However, in the conventional method of forming a sheath portion by **** and the fluorine 
polymer which were shown in 2 and 3, In order to carry out compound spinning of a core wire 
and the sheath portion at an elevated temperature and to cover the melt and the solution of a 
fluorine polymer to the core wire by which size enlargement was carried out to fibrous, the path 
of a core wire and the thickness of a sheath portion become uneven easily too. 
[0009]For this reason, in the local crooked part of the interface of the core part and sheath 
portion to generate, dispersion of light arose and there was a problem that path loss became 
large. In the optical transmission fiber formed by these conventional methods, the adhesion of 
a core part and a sheath portion was not necessarily enough, and since it was easy to produce 
interlaminar peeling by various external factors, for example, crookedness, pressure variation, 
a temperature change, etc., there was a problem in endurance etc. 

[0010]ln the manufacturing method of the optical transmission fiber by applying further again 
the melt or the solution of a **** fluorine polymer shown in 2 and 3, Productivity, safety, 
economical efficiency, etc. had a fault from the necessity of hardening of a sheath portion 
taking a long time, and removing a solvent thoroughly out of a system especially in the solution 
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applying method a manufacturing process and equipment become complicated. 
[0011 ]Paying attention to quick hardening of the acrylate system monomer by a 
photopolymerization reaction, to problems, such as this, these days High fluorination 
monoacrylate, There is a proposal of the optical transmission fiber which uses as a sheath 
component the ultraviolet curing type resin which contains the acrylate system monomer of 
three or more organic functions as a cross linking agent (USP4,51 1 ,209). 
[0012]However, since the ultraviolet curing setup-of-tooling product which comprises only the 
monomer component like this proposal has too low viscosity according to this invention 
person's etc. knowledge, by the present producing method, there is a fault that it cannot apply 
to a core wire. Since hardening resin after UV irradiation is lacking in transparency, there is a 
problem that the optical transmission loss of the optical transmission fiber obtained is large. 
[0013] 

[Problem(s) to be Solved by the lnvention]ln manufacture of performance sides, such as a 
mechanical strength and adhesion, and an optical transmission nature fiber, an object of this 
invention is to provide the matrix which can be satisfied in respect of productivity, safety, 
economical efficiency, etc., and the optical transmission fiber which enable high-numerical- 
aperture-izing and large caliber-ization more further again and which has a matrix whose 
refractive index is still lower. 
[0014] 

[Means for Solving the Problem]Fluorine-containing acrylate of a fluorine polymer of a certain 
kind later described as a result of inquiring wholeheartedly that this invention persons should 
solve an aforementioned problem, and a certain kind, or fluorine-containing methacrylate [or 
later. A hardened material by an activity energy line of] which doubles both and is called 
acrylate (meta), and a resin composition comprising a non-fluorine system (meta) acrylate 
monomer as compared with a matrix of the conventional optical transmission fiber A 
mechanical strength, adhesion with a core wire, And it found out excelling in transparency. 
[0015]ln a resin composition concerning this invention, Since viscosity of this resin composition 
is arbitrarily controllable by adjusting a degree of polymerization and/or content of a fluorine 
polymer, a resin composition of viscosity corresponding to coating equipment and demand 
coating thickness to a core wire can be prepared easily, By furthermore increasing fluorine 
atom content in a fluorine polymer etc., an advantage -- a matrix which enables much more 
high-numerical-aperture-izing of an optical transmission fiber and large caliber-ization and 
whose refractive index is about 1.33 is obtained - is discovered, and it came to complete this 
invention. 

[0016]That is, this invention is the following general formula. [0017] 
[Formula 3] 
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O 



R f - (CIU) n-OGC = CII 



K 



[0018](Rf is a fluorination aliphatic group of the carbon numbers 1-20 among a formula, n is an 
integer of 0, or 1-6, and R is H, CH 3 , or F.) -- with the fluorine-containing (meta-) acrylate (A) 

expressed. Fluorine-containing copolymer (I), the following general formula which comprise the 
mono- (meta) acrylate (B) which has one kind or two kinds or more of with a carbon numbers 
of three or more ester part substituents [0019] 
[Formula 4] 

O 
II 

r r - (ciu) „-oc;c = gii 2 



[0020](Rf, n, and R are the same as the above among a formula.) -- fluorine-containing (meta-) 
acrylate (II) expressed. Mono- (meta) acrylate (III) which has one kind or two kinds or more of 
with a carbon numbers of three or more ester part substituents, And the fluorine atom content 
which comprises in a molecule polyfunctional monomer (IV) which two acrylyl groups (meta) 
contain provides the optical transmission fiber which becomes considering 30% of the weight 
or more of a resin composition as a sheath component. 

[0021]ln fluorine-containing (meta) acrylate (II) with which a resin composition of this invention 
is presented in a form of fluorine-containing (meta) acrylate (A) which is a composition 
monomer of a fluorine-containing copolymer, and a monomer, that to which the fluorination 
aliphatic group R is a perphloroalkyl group or a partial fluorination aliphatic group, and an 
oxygen atom intervened into straight chain shape, branched state, or a main chain - for 
example [0022] 
[Formula 5] 

[ Cf\\ t CPOCFCF t - 

I 

CP, 

[0023]Any of ** may be sufficient. The compound like the following is mentioned as fluorine- 
containing (meta) acrylate (A) and an example of (II). 
[0024] 
[Formula 6] 
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a - 1 
« - 2 

a - 4 
a - 5 

<* - 6 
a - 7 



CBptCHCOOCHfHtC^ 



a - 9 



« - 1 2 



* - 1 4 ^ 

[0025] 
[Formula 7] 



Cff t =CCOOCS t CH t C t F„ 
CB^CHCOOCH t CH t C tt F tt 

I 

CS^CCOOCH t CH t C n F ta 
CB^CBCOOCB.CB, C l0 F tl 

CB 3 

t 

CHf=C CO0CE t CS z C 10 F lx 



cs. 

« - 8 | 



Office OOCH t Cff t C t F w 

Cfff=CHCOOCH t Cff t C 4 F 9 
F 

CB. 



CHr=C C00CH t CB t C„F 4l 

CI 
I 

CH t =CCOQCB l CH l C t F t 



1 5 CB l= CC00-{CB,+ C\ 0 F tl 



CB, 

I ■ 

CB t =CC0OCB s CF s 
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* - 1 5 CH^CRCOOCHtCFi 
a - 1 6 CH t =CHCOOCS t C\F tl 

I 

a - 1 7 CH t =C COOCff t L\F„ 

\ 

a - 1 8 CH t ^CCOOCH 2 C ta F tl 
a - 1 9 CH t =CSCOOCB t C„F^ 

I 

a - 2 0 CR t *=CCOOCH t CF\CF t \ t 

I 

"-21 CHf=CCOOCU t CFHCF t 

F 

I 

a - 2 2 CB t ^CCOOCB,C t F 9 

a - 2 3 CBfrCBCOOCErtCFfa CF [CF i ) t 

I 

a - 2 4 CE t =CCOOCBCF 2 CFHCF s 

1 

I 

a - 2 5 CB t =CC00CHC, e f2i 

! 

[0026] 
[Formula 8] 
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« - 2 6 CH t ~ CffCOO CH 2 •+ CFtf- 1 H 

cs s 

I 

a - 2 7 CH l ^CCOOCH t -iCF l ) l S 

a - 2 8 CH t => CHCOOCH^CF^ H 

a - 2 9 C£ t =CHCOOCH i CF s 

! 

a - 3 0 Cff t = CCOO-{CF t ^H 

»• 3 1 CH^ CHCOOCH,i+CF t \- t H 

I 

« - 3 2 CH^C COOCH^CFfaB 

* - 3 3 CH^CHCOOCHrfCFft-iH 

CH 9 

I 

« - 3 4 ci/^c coocif.-tciVfjtf 

a - 3 5 CHf=CBCOOCH t -t;CF t + l9 H 

a - 5 6 CH t =CHCOOCH t -irCF t + lt H 

a - 3 7 CHr=CHCOOCH r ~iCF^H 

a - 3 8 CH t =CHCOOCH^CF t ^H 

I 

a - 3 9 CH^CHCOOC-tCF^iS 

I 

[0027] 
[Formula 9] 
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a 



-40 



CHf=CHCOOCff t CH t -tCP t +, ff 



a 



- A 1 



CH % =C COOCH t CU t -tCF t + 7 H 
CHt CF^ 



a 



-42 



CH t z=CCOO 



a ~ 4 3 



CH 2 =CHCOO~CHL\F t7 



-44 



CH z ^CMCOOCH z L\Fi 



[0028]Fluorine-containing (meta) acrylate (A) and (II) may be mixing of two or more kinds of 
compounds in which structures differ, respectively. Fluorine-containing (meta) acrylate (A) and 
(II) may be the same, or may differ from each other. Of course, this invention is not what is 
limited in any way by the above-mentioned example. 

[0029]ln fluorine-containing copolymer (I) concerning this invention, introduction of mono- 
(meta) acrylate (B) which has one kind or two kinds or more of with a carbon numbers of three 
or more ester part substituents, Improvement in the transparency of fluorine-containing 
copolymer (I), fluorine-containing (meta) acrylate (II), Mono- (meta) acrylate (III), improvement 
in compatibility with polyfunctional monomer (IV) which contains two or more acrylyl groups 
(meta) in a molecule, It is very important for the transparency of improvement in adhesion with 
a quartz core wire or a plastic core line and hardening resin produced by irradiating with an 
activity energy line a resin composition further applied to this invention, i.e., a matrix, and 
flexible improvement. 

[0030]When a case where there are few carbon numbers of an ester part substituent of mono- 
(meta) acrylate (B) than 3, and mono- (meta) acrylate (B) are missing, the transparency of 
above fluorine-containing copolymer (I), compatibility, adhesion, and the transparency of resin 
after hardening become inferior, fluorine-containing copolymer (I) -- a rate of mono- (meta-) 
acrylate (B) occupied to inside is 0.5 to 50 % of the weight, and is preferred. [ of especially 2 to 
30 % of the weight] 

[0031 ]As an example of mono- (meta) acrylate (B), n-propyl (meta) acrylate, i-propyl (meta) 
acrylate, n-butyl (meta) acrylate, i-butyl (meta) acrylate, t-butyl (meta) acrylate, hexyl (meta) 
acrylate, Octyl (meta) acrylate, decyl (meta) acrylate, isodecyl (meta) acrylate, Lauryl (meta) 
acrylate, stearyl (meta) acrylate, And aliphatic group ester (meta) acrylate, such as isostearyl 
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(meta) acrylate, Glycerol (meta) acrylate, 2-hydroxypropyl (meta) acrylate, 3-chloro 2-hydroxy 
(meta) acrylate, glycidyl (meta) acrylate, Allyl (meta) acrylate, butoxyethyl (meta) acrylate, 
Butoxyethylene glycol (meta) acrylate, N, and N-diethylaminoethyl (meta) acrylate, N,N- 
dimethylaminoethyl (meta) acrylate, 2-ethylhexyl (meta) acrylate, gamma-methacryloxpropyl 
trimethoxy silane, 2-methoxy ethyl (meta) acrylate, Methoxy diethylene-glycol (meta) acrylate, 
methoxy dipropylene glycol (meta) acrylate, Nonylphenoxypolyethylene-glycol (meta) acrylate, 
nonylphenoxypolypropylene-glycol (meta) acrylate, ARONIKKUSU M-5700 (made by 
Toagosei), phenoxyethyl (meta) acrylate, Phenoxypropylene glycol (meta) acrylate, 
phenoxydipropylene glycol (meta) acrylate, Phenoxypolypropylene-glycol (meta) acrylate and 
AR-206, MR-260, AR-200, AR-204, AR-208, MR-200, MR-204, MR-208 (above) Phosphoester 
group content (meta) acrylate like the Daihachi chemicals company make, Furthermore, the 
screw coat 2000, the screw coat 2308 (above, made in Yuuki Osaka), Polybutadiene (meta) 
acrylate, polyethylene-glycol (meta) acrylate, polyethylene-glycol (meta) acrylate, 
polypropylene-glycol (meta) acrylate, polyethylene-glycols polypropylene-glycol (meta) 
acrylate, Polyethylene-glycols polybutylene glycol (meta) acrylate, Poly styrylethyl (meta) 
acrylate and light ester HOA-MS, The light ester HOMS (product made from the Kyoeisha fats 
and oils), benzyl (meta) acrylate, Cyclohexyl (meta) acrylate, dicyclopentanil(metha)acrylate, 
Isobornyl (meta) acrylate, methoxy-ized cyclodecatrien (meta) acrylate, phenyl (meta) acrylate 
and Hitachi Chemical FA-512A, and FA-512M grade are mentioned. Of course, it is not that to 
which this invention is limited in any way by these examples. 

[0032]ln an example of the above-mentioned mono- (meta) acrylate (B), as what raises the 
transparency of a fluorine-containing copolymer, and the transparency of resin after hardening 
to a compatibility pan by a little introduction, Benzyl (meta) acrylate in which an ester part 
substituent has cyclic structure (b-1), Cyclohexyl (meta) acrylate (b-2), dicyclopentanil(metha) 
acrylate (b-3), JISHIKURO pentenyl (meta) acrylate (b-4), isobornyl (meta) acrylate (b-5), 
Methoxy-ized cyclodecalin (meta) acrylate (b-6), phenyl (meta) acrylate (b-7) and Hitachi 
Chemical FA-512A (b-8), and FA-512M (b-9) are preferred. 

[0033]Especially as what raises adhesion over a quartz core wire of an optical transmission 
fiber, and a plastic core line in these, JISHIKURO pentenyl (meta) acrylate (b-4) and isobornyl 
(meta) acrylate (b-5) are still more preferred. 

[0034]Further again from a temperature stability viewpoint about the transparency of a sheath 
portion of after-hardening resin, i.e., an optical transmission fiber. It is preferred to contain 
simultaneously JISHIKURO pentenyl (meta) acrylate (b-4) and isobornyl (meta) acrylate (b-5) 
as a constituent in fluorine-containing copolymer (I). 

[0035]As a molecular weight of fluorine-containing copolymer (I), although there is no 
restriction in particular, it is preferred that number average molecular weight Mn is used and 
there are 1 ,000 or more from the purpose of giving the viscosity of a grade which can be 
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applied to an optical transmission fiber core wire to a resin composition concerning this 
invention. 

[0036]Fluorine-containing copolymer (I) is indispensable in order to give the viscosity of a 
grade which can be applied to an optical transmission fiber core wire to a resin composition 
concerning this invention, and if this fluorine-containing copolymer (I) lacks, spreading will 
become very difficult and it will become what also has an inferior optical transmission fiber. 
[0037]ln a resin composition concerning this invention, mono- (meta) acrylate (III) which has 
one kind or two kinds or more of with a carbon numbers of three or more ester part 
substituents is indispensable from a viewpoint of the transparency of resin after hardening, and 
adhesion to an optical transmission fiber core wire. When there are few carbon numbers of an 
ester part substituent of mono- (meta) acrylate (III) than 3, or when mono- (meta) acrylate (III) 
is missing, transparency and adhesion of resin after the aforementioned hardening will become 
inferior. 

[0038]As an example of mono- (meta) acrylate (III), the same compound as an example of said 
mono- (meta) acrylate (B) is mentioned. Of course, it is not that to which this invention is 
limited in any way by those examples. 

[0039]ln an example of mono- (meta) acrylate (III), as what raises transparency and adhesion 
of resin after hardening effectively by a little addition, Above b-1 in which an ester part 
substituent has cyclic structure, b-2, b-3, b-4, b-5, b-6, b-7, b-8, and b-9 are preferred. 
[0040]JISHIKURO pentenyl (meta-) acrylate (b-4) and especially isobornyl (meta-) acrylate (b- 
5) are still more preferred as what raises effectively adhesion over a quartz core wire of an 
optical transmission fiber, and a plastic core line in these. 

[0041]lt is preferred that JISHIKURO pentenyl (meta) acrylate (b-4) and isobornyl (meta) 
acrylate (b-5) contain in a resin composition concerning this invention simultaneously from a 
temperature stability viewpoint about the transparency of resin after hardening further again. 
[0042]Polyfunctional monomer (IV) which contains two or more acrylyl groups (meta) in a 
molecule, Acrylic acid (meta) connects with polyhydric alcohol more than divalent by a two or 
more piece ester bond, and it is indispensable for a resin composition applied to this invention 
from the purpose of giving flexibility to resin after hardening, dynamic tough nature, etc. 
[0043]As a concrete compound, a compound like the following is mentioned, for example. 
c-1 Ethylene-glycol-di(metha)acrylate c-2 diethylene GURIKORUJI (meta) acrylate c-3 
triethylene-glycol-di(metha)acrylate c-4 Poly ethylene glycol di(metha)acrylate (number 
average molecular weights 150-1000) 

c-5 Propyleneglycol di(meth) acrylate c-6 dipropylene GURIKORUJI (meta) acrylate c-7 Tori 
propyleneglycol di(meth) acrylate c-8 Poly propyleneglycol di(meth) acrylate (number average 
molecular weights 200-1000) 

c-9 Neopentyl glycol di(metha)acrylate c-10 1 and 3-butanediol di(metha)acrylate c-1 1 1 and 4- 
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butanediol di(metha)acrylate c-12 1 ,6-hexanediol di(metha)acrylate c-13. Hydroxy pivalate 
ester neopentyl glycol di(metha)acrylate [0044] 
[Formula 10] 

R'O CH, 0 CB. 

II! I II ! 

c - 1 4 CHfzC CCB t -C-CH 1 OCCH % -C-CH t 

I I 
CM, CB S 

0 R' 

!! II I 

OCC = C7ff f IR> ttHXrtCH s ) 
"■15 CB t ^CCOCB t -C-CB C 

ii i N?-cw x v 

^ CB t Ot\C =CB„ 
II 

0 

{ it' IdBXtriCB, ) 



[0045]c-16 The bisphenol A di(meth)acrylate c-17. The TORIMECHI roll pro pantry (meta) 
acrylate c-18. The penta ERIS RITORUTORI (meta) acrylate c-19. The dipentaerythritol hexa 
(meta) acrylate c-20. Pentaerythritol tetra (meta) acrylate c-21 TORIMECHI roll pro pansy 
(meta) acrylate c-22 as examples other than the dipentaerythritolmonohydroxy penta (meta) 
acrylate above, NEOMANA-305 (c-23), NEOMABA-601 (c-24), NEOMATA-505 (c-25), 
NEOMATA-401 (c-26), NEOMAPHA405X (c-27), NEOMATA705X (c-28), NEOMAEA400X (c- 
29), NEOMAEE401X (c-30), NEOMAEP405X (c-31), NEOMAHB601X (c-32), NEOMA 
HB605X(c-33)[- the above --] by Sanyo Chemical Industries, Ltd., KAYARADHY-220 (c-34), 
HX-620 (c-35), D-310 (c-36), D-320 (c-37), and D-330 (c-38), [ DPHA and (c-39) ] DPCA-20 (c- 
40), DPCA-30 (c-41), DPCA-60 (c-42), and DPCA-120(c-43)[--] by Nippon Kayaku Co., Ltd., 
etc. are mentioned above. 

[0046]According to this invention person's etc. knowledge, as polyfunctional monomer (IV) 
which contains two or more acrylyl groups (meta) among the above examples, from a 
viewpoint of the transparency of resin after hardening, What contains a methyl group in a 
molecule is preferred, and c-5, c-6, c-7, c-8, c-9, c-13, c-14, c-15, c-17, c-21, c-23, and 
especially c-25 grade are preferred. Two or more kinds of compounds with which structure 
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besides using a single compound is different may be used as polyfunctional monomer (IV). Of 
course, this invention is not what is limited in any way by the above-mentioned example. 
[0047]ln a resin composition of this invention, although a presentation rate of fluorine- 
containing copolymer (I), fluorine-containing (meta) acrylate (II), mono- (meta) acrylate (III), 
and polyfunctional monomer (IV) can be arbitrarily chosen according to desired viscosity and a 
refractive index, According to this invention person's knowledge, (lll):(IV)=1:1000 - 95:5, (II): 
[(lll)+(IV)] =50:50-1000:1, and (l):[(ll)+(lll)+(IV)] =1:99-10000:1 are preferred at a weight ratio. 
[0048]fluorine-containing copolymer (I) concerning this invention -- this industry -- although 
heat, light, an electron beam, radiation, etc. are manufactured as polymerization start energy 
by methods, such as a publicly known polymerization method, for example, a radical 
polymerization, and anionic polymerization, a radical polymerization which makes heat and/or 
light polymerization start energy industrially is preferred. Both mass polymerization and 
solution polymerization can be taken as a polymerization gestalt by these polymerization 
methods. When using heat as polymerization start energy, a non-catalyst or azobis 
butyronitrile, In using polymerization initiators, such as benzoyl peroxide and methyl-ethyl- 
ketone peroxide cobalt naphthenate, and light like ultraviolet rays, this industry - 
photosensitizers, such as an amine compound or phosphorus compounds, can be added what 
is called [ publicly known photopolymerization initiators (for example, compound shown in the 
below-mentioned VI-1 - 1 1) and if needed ], and a polymerization can be quickened more. 
[0049]ln these radical polymerizations, if needed Lauryl mercaptan, A degree of polymerization 
of fluorine-containing copolymer (I) can be adjusted by using together sulfhydryl group content 
chain transfer agents, such as octyl thioglycolate, gamma-mercapto propyltrimethoxysilane, 
and C, 0 F, V CH 0 CH 0 SH. When polymerizing with an electron beam or radiation, addition in 

particular of a polymerization initiator etc. is not required. 

[0050]When obtaining fluorine-containing copolymer (I) by solution polymerization, if it does 
not have an adverse effect on a polymerization reaction, there is no restriction as a solvent. In 
a resin composition concerning this invention, fluorine-containing (meta) acrylate (A) and 
mono- (meta) acrylate (B) which are the composition monomers of fluorine-containing 
copolymer (I), In being equal to fluorine-containing (meta) acrylate (II) and mono- (meta) 
acrylate (III) respectively, A resin composition of this invention can be obtained by suspending 
a polymerization of fluorine-containing copolymer (I) in a stage where unreacted fluorine- 
containing (meta) acrylate (A) and mono- (meta) acrylate (B) remain, and carrying out addition 
mixing of polyfunctional monomer (IV) of the specified quantity after an appropriate time. 
[0051 ]A resin composition of this invention Fluorine-containing copolymer (I), fluorine- 
containing (meta) acrylate (II), It is also possible to contain various additive agent (V)s and 
photopolymerization initiator (VI) if needed in addition to an essential ingredient called mono- 
(meta) acrylate (III) and polyfunctional monomer (IV). 
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[0052]A solvent for viscosity regulation as additive agent (V), light stabilizer-proof, colorant, A 
defoaming agent for applying to a coupling agent for raising adhesion with an optical 
transmission fiber core wire and a core wire uniformly, a leveling agent and a surface-active 
agent, a surface modifier for controlling the adhesion of an optical transmission fiber and a 
primary coating agent further, etc. are mentioned. 

[0053]As a coupling agent, the Silang system, a titanium system, and a JIRUKO aluminate 
system are mentioned, In these, dimethyldimethoxysilane, dimethyl diethoxysilane, Methyl 
trimetoxysilane, dimethylvinyl methoxysilane, phenyltrimethoxysilane, Gamma- 
chloropropyltrimetoxysilane, gamma-chloropropyl methyl dimethoxysilane, gamma- 
aminopropyl triethoxysilane, gamma-mercapto propyltrimethoxysilane, Gamma- 
glycidoxypropyltrimetoxysilane, gamma-glycidoxy propyl methyldimethoxysilane, Especially 
Silang systems, such as gamma-methacryloxypropyl methoxysilane, gamma- 
methacryloxypropylmethyldimethoxysilane, gamma-acryloxyprophyl methyl trimetoxysilane, 
and gamma-acryloxypropylmethyldimethoxysilane, are preferred. 

[0054]As a defoaming agent, a leveling agent, and a surface-active agent, a thing of a fluorine 
system is preferred. In aiming at reduction of a refractive index of resin produced by an active 
energy line hardening type resin composition concerning this invention hardening, 
improvement in transparency, plasticization, etc., As additive agent (V), it is a non- 
polymerizable fluorine compound (r is an integer of 1-4 and), for example, F 2 q Qf H0 ^ CH ^ 

c , in addition to said, s is an integer of 1-20 -- like -- fluoride alcohol and HOOC-(CH 2 ) - 

s 

^u F 2u+i is an inte 9 er °f 0> or 1-4, and) u is an integer of 1-20. like -- fluorination carboxylic 

acid and fluorination polyether called common-name fluorine oil. A compound called a 
common-name fluorine system inert liquid object like N(C 4 F g ) 3 , perphloro decalin, 

C 8 F 17 OC 4 F g , and C g F 2Q can be used. As for a rate of this non-polymerizable fluorine 

compound additive agent occupied in an active energy line hardening type resin composition, 
since intensity of resin after hardening will fall if it adds too much, 30 or less % of the weight is 
preferred, and it is more preferred. [ of 20 or less % of the weight ] 

[0055]An optical transmission fiber concerning this invention can be obtained by carrying out 
polymerization curing and forming a sheath agent by irradiating with activity energy lines, such 
as light, an electron beam, and radiation, after applying or impregnating an optical 
transmission fiber core wire with the above-mentioned activity ENARUGI line hardening resin 
constituent. Depending on the case, heat can also be used together as an energy line. 
[0056]ln using lights, such as ultraviolet rays, as an activity energy source, this industry - 
publicly known photopolymerization initiator (IV), for example, IV-1:benzophenone,. IV-2 : An 
acetophenone, IV-3:benzoin, IV-4:benzoin ethyl ether, IV-5 : Benzoin isobutyl ether, IV- 
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6:benzyl methyl ketal, IV-7 : Azobisisobutyronitrile, IV-8:1-hydroxycyclohexylphenyl ketone, IV- 
9:2-hydroxy-2-methyl-1-phenyl-1-one, It is preferred to use IV-10:1-(4'-isopropylphenyl)-2- 
hydroxy-isobutane 1-one, IV-1 1 :1-(4'-dodecyl-phenyl)-2-hydroxy-isobutane 1-one, etc. as a 
catalyst. 

[0057]Photosensitizers, such as an amine compound or phosphorus compounds, can be 
added if needed, and a polymerization can be quickened more. A suitable rate of a 
photopolymerization initiator occupied in an active energy line hardening type resin 
composition concerning this invention is 0.1 to 7 % of the weight more preferably 0.01 to 10% 
of the weight. 

[0058]ln carrying out polymerization curing with an electron beam or radiation, it does not 
require addition in particular of a polymerization initiator etc. A solvent can be blended in order 
to control viscosity of a resin composition of this invention, spreading nature, and thickness like 
the above-mentioned. As such a solvent, if it does not have an adverse effect on the 
polymerization reaction nature of this invention constituent, there is no restriction in particular, 
but. An alcohol system of methanol, ethanol, isopropyl alcohol, etc., Ketone systems, such as 
acetone, methyl ethyl ketone, and methyl isobutyl ketone, Ester systems, such as methyl 
acetate, ethyl acetate, and butyl acetate, chloroform, Chlorine systems, such as 
dichloroethane and a carbon tetrachloride, and benzotrifluoride, KURORU benzotrifluoride and 
a m-xylene hexa flora ~ low boilers, such as ide, tetrachlorodifloroethane, 1 ,1 ,2-trichloro-1 ,2,2- 
trifluoroethane, and trichloromonofluoromethane, are preferred from a point of workability. 
[0059]When an optical fiber core wire is applied or impregnated with an active energy line 
hardening type resin composition of this invention as a solution dissolved in a solvent, before 
starting polymerization curing, a process which carries out desolventization with heating or 
decompression ordinary temperature or if needed is needed. When carrying out heating 
removal of the solvent, in order not to cause a heating polymerization of a monomer etc., it is 
preferred to carry out below 80 **. 

[0060]As a method of applying an energy-line hardening resin constituent concerning this 
invention to a substrate, this industry -- publicly known various methods, for example, brush 
coating, an applicator, and a bar coating machine. A spray coating method by the applying 
method by roller brushes or a roll coater, air spray, or an airless spray coating machine, It is 
desirable to be able to use a flow-coating method (flow coat) by shower coating machine or a 
curtain flow coater, dip coating, casting method, a spinner coating method, etc., and to use 
properly suitably according to construction material of an optical transmission fiber core wire, 
etc. 

[0061 ]ln making a core wire of an optical transmission fiber of this invention apply and harden 
a resin composition of this invention, An optical transmission fiber core wire is continuously 
immersed in a tank containing this resin composition, and is pulled up to it, How to remove a 
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solvent if needed, irradiate with an activity energy line, and carry out curing formation of the 
sheath portion, Or continuation spreading is carried out through an optical transmission fiber 
core wire at a cap which can supply this resin composition continuously, this **** industry this 
shown in DT2,459,320, JP,53-139545,A, etc., such as the method of irradiating with an activity 
energy line and carrying out curing formation of the sheath portion after removing a solvent if 
needed, -- a publicly known method can be used. 

[0062]a case where polymerization curing of the sheath portion of an optical transmission fiber 
of this invention is carried out -- this industry -- publicly known. Germicidal lamp glass, a 
fluorescent lamp for ultraviolet rays, a carbon arc, a xenon lamp, a high-pressure mercury- 
vapor lamp for a copy, A medium voltage or a high-pressure mercury-vapor lamp, an ultrahigh 
pressure mercury lamp, an electrodeless lamp, a metal halide lamp, An electron beam by 
ultraviolet rays which use available light etc. as a light source or a scanning-type, and a curtain 
type electron beam acceleration way, etc. can be used, and when thickness is the ultraviolet 
curing of a coating layer of 5 micrometers or less, it is preferred to glare under inert gas 
atmospheres, such as nitrogen gas, in respect of increase in efficiency of a polymerization. 
[0063]As an optical transmission fiber core wire in this invention, plastic systems, such as a 
quartz system and polymethylmethacrylate, deuteration polymethylmethacrylate, polyethyl 
methacrylate, polystyrene, and polycarbonate, are mentioned. 
[0064]ln formation of a sheath component of an optical transmission fiber, when a 
thermofusion thing of conventional heat-hardened type silicone resin or a fluorine polymer like 
the above was used, there was a fault that contraction of a sheath component after hardening 
produced micro bending on an optical transmission fiber, and produced remarkable path loss 
owing to. However, if a resin composition concerning this invention is used, since there are no 
above problems, there are quality of an optical transmission fiber and an advantage in the 
financial side of improvement in a yield. 

[0065]since an optical transmission fiber of this invention is markedly boiled in respect of the 
adhesion of a core part and a sheath portion as compared with the conventional thing and it 
excels, there is an advantage of also bearing a service condition accompanied by an intense 
vibration and crookedness. 

[0066]There is an advantage in respect of [ that a drawing speed of an optical transmission 
fiber will be a second in 3-6 m /, and manufacture speed of an optical transmission fiber 
increases 3 to 5 times over the past by use of a resin composition furthermore applied to this 
invention ] production. 

[0067]Since transparent resin whose refractive index is about 1 .33 when an optical 
transmission fiber of this invention adjusts a rate of each constituent of a resin composition of 
this invention was obtained, high-numerical-aperture-izing and large caliber-ization were 
attained. 
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[0068] 

[Embodiment of the lnvention]Next, the suitable embodiment of this invention is described, first 
fluorine-containing (meta-) acrylate, isobornyl (meta-) acrylate, and/or JISHIKURO pentenyl 
(meta-) acrylate, such as CH 2 =CHCOOCH 2 CH 2 C 8 F 17 . It is made to react under the existence 

of a photopolymerization initiator, and a fluorine-containing copolymer is obtained. 
[0069]To this fluorine-containing copolymer (I), fluorine-containing (meta) acrylate (ll)s, such 
as CH =CHC00CH o CH o C o F , In isobornyl (meta) acrylate and/or JISHIKURO pentenyl 

Z Z Z o \ / 

(meta) acrylate (III), and a molecule, polyfunctional monomer (IV)s, such as propyleneglycol di 
(meth) acrylate containing a methyl group, are mixed, and a resin composition is 
manufactured. 

[0070](lll):(IV)s are 1:1000-95:5, (II): [(lll)+(IV)] is 50:50 to 1000:1, and (I): [(ll)+(lll)+(IV)] sets 
the mixing ratio in this case to 1:99 to 10000:1. The above-mentioned photopolymerization 
initiator is added 0.1 to 7% of the weight among a resin composition. 
[0071 ]ln addition, a chain transfer agent, light stabilizer-proof, colorant, a coupling agent, a 
defoaming agent, a leveling agent, a surface-active agent, etc. can be suitably blended into a 
resin composition. An optical transmission fiber can be obtained by applying or impregnating 
optical fiber core wires, such as quartz, with the solution made to dissolve this resin 
composition in a solvent, carrying out desolventization to ordinary temperature or 80 ** or less 
with heating and decompression, irradiating with an activity energy line, and hardening a 
sheath component. 
[0072] 

[Example]Next, although the concrete synthetic example of this invention and an example are 
described, of course, it is not that to which this invention is limited in any way by this 
explanation. The inside of a sentence "part" and "%" shall be weight references. 
[0073]The method estimated next the performance of the hardening resin obtained by the 
exposure of the activity energy line. 

The evaluation polymethylmethacrylate board of adhesion [Mitsubishi Rayon Co., Ltd. make 
bitter taste rewrite (trade name)-L-#001 and 2 mm of board thickness], Coating of the activity 
energy-line hardening resin concerning this invention was carried out so that hardening layer 
thickness might be set to 100 micrometers to a polystyrene plate [2 mm of Dow Chemical Co. 
Styron (trade name) board thickness], and a glass plate (5 mm of board thickness). 
[0074]lt was made to harden by a part for conveyor speed 200m/, using a high-pressure 
mercury-vapor lamp 160 W/cm2 light condensing type as a source of an activity energy line. In 
the case of comparative thermofusion type fluorine-containing resin, the 100-micrometer-thick 

film was obtained from hot press by the pressure of 100 kg/cm 2 for 5 minutes at 200 **, this 
was put on each substrate side, and it stuck by pressure and laminated under the conditions of 
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5 kg/cm 2 for 10 seconds at 230 **. 

[0075]Thus, the adhesion test of the obtained sample was evaluated in accordance with the 
valuation basis by JIS5400. 
[0076] 
[Table 1] 
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[0077]The optical transmission ability of the evaluation optical transmission fiber of optical 
transmission nature measured and evaluated path loss (dB/km) by the thing of the same type 
as the device shown in Drawing 4 of J P ,58-7602 A The measuring condition is as follows. 
[0078] 

Interference filter (dominant wavelength) 650 micrometers Overall length of an optical 

transmission fiber 5m The length of cut of an optical transmission fiber 4m Bobbin diameter In 

order to evaluate the adhesion and tough nature of a matrix to a 190-mm mandrel test light 

transmission fiber core wire, The optical transmission fiber was twisted around a mandrel 5 

mm in diameter, it expanded under the microscope, the existence of generating of the 

adhesion of an optical transmission fiber core wire and a matrix and the crack of a matrix 

portion was observed, and the three-stage like the following estimated. 

[0079]Evaluation items 3: Generating of a crack etc. is not observed in change and the sheath 

portion of the adhesion between a core part and a sheath portion at all. 

2: As for a crack etc., generating is slightly observed in change and/or the sheath portion of 

adhesion between a core part and a sheath portion. 

[0080]1 : Generating of a crack is observed in exfoliation and/or a sheath portion between a 
core part and a sheath portion. 
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Henceforth, all the cable addresses of a compound shall show the above-mentioned 
compound. It is shown that A after a cable address is an acrylate compound, and M is a 
methacrylate compound. 

[0081 ]The synthetic cooling capacitor of /b-5/[ (A) ] b-4(A) =90/8 / synthetic example 1a-12 (%) 
copolymer, To 500-ml 4 mouth round bottom flask provided with the thermometer and the 
agitator, it is a-1. 180 g, b-5(A)18g, b-4(A)2g, and 1 g of azobisisobutyronitrile 
(azobisuisobutironitoriru is called henceforth.) were ****(ed), and it stirred for 15 minutes at 70 
** under N 2 gas atmosphere. The consistency mass polymerization thing was taken out out of 

the system at the time of heat. 

[0082]Mn of styrene conversion of the molecular weight calculated from GPC was 460,000. 

Polymer was transparent under 25 ** atmosphere, and refractive-index nD 25 was 1.370. 
The molecular weight and refractive index of a fluorine polymer which were compounded like 
the synthetic example 2 - 14 or less synthetic example, and the synthetic example 1 are 
summarized in Table 2 and 3, and are described. 
[0083] 
[Table 2] 
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[0084] 
[Table 3] 
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[0085]*) -- appearance A:transparence B: -- there is a little muddiness merely. 
[0086]C: There is muddiness considerably. 

D: The synthetic cooling capacitor of synthetic example 15a-1 / b-5(A)/n-butyl acrylate 
=90/5/opaque 5 (%) copolymer, To 500-ml 4 mouth round bottom flask provided with the 
thermometer and the agitator, it is a-1. 90 g, b-5 (A) 5 g, 5 g of n-butyl acrylate, 0.5 g of octyl 
thioglycolate, azobisuisobutironitoriru0.3g, and 230 g of 1 ,1 ,1-trichloroethane were ****(ed), 
and it reacted at 80 ** under N 2 gas atmosphere for 10 hours. It distilled off under 

decompression of a solvent and target transparent polymer was obtained. It was Mn=1 20,000 
and nD 25 =1.373. 

[0087]The molecular weight and refractive index of a fluorine polymer which were compounded 
like 16 to 18 or less synthetic example and the synthetic example 15 are summarized in Table 
4, and are described. 
[0088] 
[Table 4] 
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[0089]**: The valuation basis of appearance is the same as it of Table 1 . 
In the 500-ml glass cylinder flask provided with the synthetic agitator of synthetic example 19a- 
1 / b-3(M) =93/7 (%) copolymer, a-1 It is IV-9 as 372 g, b-3(M)28g, and a photopolymerization 
initiator. Having ****(ed) 0.72 g and stirring at 60 **, it irradiated with high-pressure mercury- 
vapor lamp 80 W/cm1 light from the side, and reacted for 16 seconds. A 10000-cps viscous 
polymer was obtained at 50 ** by this operation. Polymer was transparent in 25 ** atmosphere, 

molecular weight Mn by GPC was 36,000, and refractive-index nD 25 was 1 .365. The residual 
unreacted monomer by gas chromatography was 17% among the whole quantity. 
[0090]The viscosity of the fluorine-containing copolymer compounded like the synthetic 
example 20 - the example 19 of 28 composition, an unreacted monomer survival rate, etc. are 
summarized in Table 5, and are shown. 
[0091] 
[Table 5] 
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[0092]The examples 1-15 of manufacture, and the examples 1-10 (manufacture of an active 
energy line hardening type resin composition) of comparison manufacture 
Fluorine-containing copolymer (I) obtained in the synthetic examples 1-28, fluorine-containing 
(meta) acrylate (II), mono- (meta) acrylate (III), polyfunctional monomer (IV), additive agent 
(V), and photopolymerization initiator (VI) were used, and the active energy line hardening type 
resin composition was prepared. 

[0093]Examples 1-15 and the comparative examples 1-10 -- the adhesion over the 
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polymethylmethacrylate board of this resin composition, a polystyrene plate, and a glass plate 
and the various characteristics at the time of presenting the matrix of an optical transmission 
fiber are summarized in Table 6, Table 7, Table 8, Table 9, and Table 10, 11, and 12, and are 
shown. 

[0094]When an active energy line hardening type resin composition was used, the optical 
transmission fiber core wire was continuously immersed during the bath of this resin 
composition, and it pulled up, and with 300-m the drawing speed for/, it irradiated with 
ultraviolet rays with 160 W/cm high-pressure mercury-vapor lamp condensing type 3 lights, 
and the optical transmission fiber was formed. 

[0095]The optical transmission fiber shown in the comparative example was formed by 
applying to an optical transmission fiber core wire the fluorine system polymer by which 
melting was carried out, and carrying out air cooling at the temperature shown in front. 
Hardening of the silicone resin shown in the comparative example was carried out on 150 ** 
and the conditions for 1 minute. The drawing speed of the optical transmission fiber in this 
case is a part for 3-m/. 

[0096]ln the optical transmission fiber which uses polymethylmethacrylate and polystyrene as 
a core component, 500 micrometers in diameter of a core wire and the thickness of the sheath 
portion were 40 micrometers. In the optical transmission fiber which uses quartz as a core 
component, 250 micrometers in diameter of a core wire and the thickness of the sheath portion 
were 30 micrometers. 

[0097]The optical transmission fiber to which it is supposed in a table that RM and PS use 
polymethylmethacrylate and polystyrene as a core wire, respectively, and the optical 
transmission fiber in which G uses quartz as a core wire are shown, respectively. 
[0098] 
[Table 6] 
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[0099] 
[Table 7] 
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[0100] 
[Table 8] 
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[0101] 
[Table 9] 
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[0102] 
[Table 10] 
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[0103] 
[Table 11] 
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[0104] 
[Table 12] 
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[0105] 

[Effect of the lnvention]the optical transmission fiber which uses activity energy-line hardening 
resin concerning this invention for a matrix has the optical transmission nature which was 
markedly alike and was superior to the conventional thing so that clearly from Table 6-12. 



[Translation done.] 
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